Background: Prescription opioid use is greater among people living with HIV (PLWH), yet little is known about the prevalence of specific types of high-risk use among these individuals. Conclusions: A large proportion of PLWH received opioid prescriptions, and among these opioid recipients, high-risk opioid use was common. High-risk use patterns often occurred within the first year, suggesting this is a critical time for intervention.
INTRODUCTION
Opioid use and opioid misuse have increased dramatically during the past 2 decades. [1] [2] [3] [4] [5] [6] [7] [8] Unintentional poisoning, such as drug overdose, is now the leading cause of accidental death in the United States, surpassing motor vehicle accidents as the leading cause of unintentional injury deaths in 2011. 9 Nearly 60% of overdose deaths in the United States involve an opioid, 1 leading to a concerted effort by care providers across the country to carefully monitor the use of prescription opioids. 10, 11 Growing concern surrounding the increase of opioid use disorders has led to attempts to identify precursors to opioid misuse, with the intent of allowing health providers the opportunity to intervene before patients experience adverse consequences. Some such attempts include identifying patterns of high-risk use, such as the use of multiple prescribers and/or pharmacies, receiving overlapping opioid prescriptions, and high daily dosage. These use patterns have been used in both research and clinical settings to identify possible or probable opioid use disorders; although it is not possible to determine opioid misuse based on utilization patterns alone, a large body of evidence suggests that individuals with highrisk use patterns are at increased risk of injury or death. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] One particularly vulnerable population at risk for morbidity and mortality associated with opioid use is people living with HIV (PLWH). The prevalence of chronic pain is high among PLWH, with prevalence estimates ranging from 25% to 80%. [22] [23] [24] [25] In addition, the prevalence of opioid use disorders is higher among PLWH than in the general population. [26] [27] [28] In this study, we characterized utilization patterns of high-risk opioid use among PLWH and identified risk factors for high-risk opioid use.
METHODS

Study Sample
Our sample was drawn from a subset of sites from the HIV Research Network (HIVRN), a multisite longitudinal observational cohort of PLWH seeking care. We included patients from 4 urban HIVRN sites in Maryland, Massachusetts, and New York that linked their study participants' records to the Medicaid database (for more information on the data linkage, see Ref. 29) , allowing us to examine comprehensive pharmaceutical claims from Medicaid and clinical, behavioral, and social characteristics from HIVRN. Patients aged 18-65 with data from both HIVRN and Medicaid who received at least one incident oral analgesic opioid prescription between January 1, 2006, and December 31, 2010, were eligible for inclusion. Buprenorphine and methadone were not considered eligible prescriptions for this analysis.
Our exclusion criteria were based in part on Medicaid eligibility files, which contain information on the number of days in a calendar year that an individual is eligible for Medicaid and/or for supplemental insurance. Using this information, we excluded patient-years for which patients were dually enrolled in either Medicare or private insurance because prescription claims covered by supplemental insurance do not appear in Medicaid claims files. If patients had a gap in Medicaid coverage or had an ineligible year due to dual enrollment, we excluded all time subsequent to the start of the gap or ineligible year. In addition, we excluded patients on fee-for-service plans in Maryland and patients on comprehensive managed care plans in Massachusetts because data exploration within our sample (Supplemental Digital Content Table 1 , http://links.lww.com/QAI/B145) and evidence from previous literature 30 indicate that these plans may incompletely capture prescription claims.
Finally, we excluded patient-years for the following reasons (Supplemental Digital Content Fig. 1 , http://links.lww.com/QAI/B145 shows the number excluded for each reason): (1) age ,18 or .65; (2) transgender (excluded because the small sample size precluded an analysis of transgender patients); (3) cancer diagnosis; (4) enrolled in Medicaid for ,90 days; (5) resided in a state other than Massachusetts, Maryland, or New York; (6) discrepancy between Medicaid and HIVRN that called the validity of the match into question; (7) .1 record or .365 eligible days for the calendar year; (8) prevalent opioid user, determined using a 6-month washout period.
High-Risk Opioid Use
We based our assessment of high-risk opioid use on 4 criteria, ascertained using Medicaid pharmacy claims: (1) daily dosage, (2) overlapping prescriptions, (3) multiple prescribers, and (4) early refills. Although it is not possible to determine whether an individual is misusing opioids based on prescription claims alone, these criteria have been validated in previous research as a mean to identify potential misuse [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and/or have been recommended by clinical experts as suggestive of high-risk opioid use. We use the term "high-risk use" to describe patterns of opioid dispensing that indicate a high likelihood of current or future opioid misuse.
The first outcome, high daily dosage, was based on a standardized measure for daily dosage: morphine milligram equivalents (MMEs). Recommendations vary for defining the cutoff for overuse, ranging from 80 to 200 MME. 3, 31 For this analysis, we defined high-risk use as receiving more than 100 MME/day for at least 30 consecutive days.
We defined the second criterion for high-risk use, overlapping prescriptions, as having at least 1 day with more than one opioid prescription from the same Drug Enforcement Agency class, with Drug Enforcement Agency class categorized as (1) long-acting, (2) short-acting non-schedule II (ie, codeine and tramadol), or (3) short-acting schedule II (ie, hydrocodone and oxycodone). To ensure the drugs were not overlapping because of an early refill, we required that the overlapping prescriptions were either a different dosage or a different drug.
Receiving opioids from at least 3 distinct prescribers within a 90-day period defined the third measure of high-risk use. The timing of the opioid prescription refill defined the final criterion for high-risk opioid use, whereby a refill pickup was early if the individual refilled their prescription when at least 25% of the existing prescription remained, as determined by the prescription fill date and number of days supplied.
We examined modified definitions in the sensitivity analyses discussed below.
Explanatory Variables
Exposures of interest were collected as part of the HIVRN study protocol, through medical record chart abstraction (age, sex, race, study site, and HAART use) or sitespecific laboratory uploads processed by HIVRN (CD4 and HIV RNA). We defined nadir CD4 as the lowest CD4 value between 2006 and 2010. We defined baseline viral suppression as HIV RNA ,200 copies per milliliter, determined using the closest available HIV RNA measurement within 1 year of baseline, where baseline was the date of the first opioid prescription.
We identified comorbidities (and one exclusion criterion) using diagnosis codes from the HIVRN database. Diagnoses of interest included depression 32 and chronic pain (as opposed to acute pain), 33 as these are diagnoses found to be associated with high-risk opioid use in previous literature and cancer, as this was an exclusion criterion. 25, 27, 34, 35 We assessed cancer at any point during follow-up, whereas we assessed depression and chronic pain before the date of the first opioid prescription. Supplemental Digital Content Table 2 , http://links.lww.com/QAI/B145 lists the ICD-9 codes used to identify these 3 conditions. Current illicit drug use was not captured directly in either the Medicaid claims or the HIVRN data. As a surrogate marker for illicit drug use, we examined HIV acquisition risk factor to identify patients with a history of injection drug use (IDU). We classified patients with an HIV risk factor of "IDU" recorded in the HIVRN database as having a history of illicit drug use (we classified patients with multiple HIV risk factors as IDU if one of the recorded risk factors was "IDU").
Statistical Methods
Our primary outcomes were (1) binary indicator variables for each of the 4 definitions of high-risk opioid use and (2) a composite binary indicator variable for any high-risk opioid use pattern. Given that the 4 definitions of high-risk opioid use are not mutually exclusive, we first assessed the proportion of patients who ever experienced each of the 4 high-risk use dispensing patterns and calculated the incidence rates (IRs) of each pattern. We then conducted a time-to-event analysis to determine the time to any high-risk opioid use. In the time-to-event analysis, we followed patients from the date of the first opioid prescription to the first date on which there was evidence for high-risk opioid use. Patients were censored on the first of either (1) date of death, (2) last day of Medicaid coverage, or (3) December 31, 2010. We estimated the IR of high-risk opioid and fit a Cox proportional hazards model to estimate the association between high-risk use and our hypothesized risk factors, including IDU, depression, chronic pain, age, sex, race, nadir CD4, baseline HIV viral suppression, and baseline HAART.
Sensitivity Analyses
Unlike the indicators for multiple prescribers and overlapping prescriptions, which both require, by definition, the occurrence of a pattern more than once, the early refills indicator does not incorporate recurrence into its case definition. Therefore, as a sensitivity analysis, we calculated the proportion of patients who sought early refills repeatedly and estimated the time to first event, time to second event, and time to third event. Among those with at least one early refill, we estimated the difference in 1-year restricted mean survival times (RMSTs) to describe the time between first and second events and the time between the second and third events.
To evaluate the potential impact of misclassifying highrisk use in the scenario where a single provider prescribed multiple prescriptions to identify the correct dosage for an opioid-naive patient, we conducted a sensitivity analysis whereby the overlapping prescription criterion was met only if distinct providers wrote the prescriptions. We used the revised definition to recalculate the IR of overlapping prescriptions and to redefine the composite outcome used in the survival analysis.
RESULTS
Our sample included 1814 PLWH with at least one incident opioid prescription between 2006 and 2010, which represents 39.4% of the 4605 patients meeting the eligibility criteria (32.2% of eligible patients did not receive any opioid prescriptions during follow-up and 28.4% were prevalent opioid users). The final analytic sample was 61.5% men, and the median age at study baseline was 44.5 years [interquartile range (IQR): 38-50 years]. Nearly two-thirds (62.2%) were African American. Approximately one-third (31.3%) of patients had an HIV acquisition risk factor of IDU, 30.6% had a diagnosis of depression, and 19.0% had a diagnosis of chronic pain (Table 1) .
Among the 1814 patients who received at least one incident opioid prescription, the median number of opioid prescriptions per patient per year was 2 (IQR: 1-6). Approximately one in 4 opioid recipients (27%) received exactly one opioid prescription during study follow-up, suggesting that these patients may have had an acute pain issue that was resolved after a single opioid prescription. The median daily dosage was 33 MMEs (IQR: 20-60; mean: 59). More than half of all opioid prescriptions (61.9%) were shortacting schedule II, 13.6% were long-acting, and 24.6% were short-acting non-schedule II. The most commonly prescribed opioid was short-acting oxycodone (49.0% of all prescription opioids) ( Table 1) .
Incidence of High-Risk Use
Approximately 30 percent (29.7%) of incident opioid users ever met one of the 4 high-risk use criteria. The most common high-risk use pattern was multiple prescribers, with 19 .7% of patients ever receiving opioid prescriptions from 3 or more distinct prescribers in 90 days, for an IR of 10.4 per 100 person-years (PYs). A total of 16.4% ever had overlapping prescriptions (IR = 8.1 per 100 PYs); 15.9% percent of patients ever refilled a prescription when at least 25% of the previous prescription remained (IR = 7.9 per 100 PYs); and 7.9% ever had a daily dosage more than 100 MMEs for 30 or more consecutive days (IR = 3.6 per 100 PYs) ( Table 2) .
Time-To-Event Analysis
The IR for any high-risk opioid use pattern was 17.4 events per 100 PYs. After 1 year of follow-up, the cumulative incidence was 23.1% and at 4 years of follow-up the cumulative incidence was 40.6%. Figure 1 displays the cumulative incidence function for the composite high-risk opioid use outcome; the solid curve shows the total cumulative incidence of any high-risk use and the dashed lines depict the cumulative incidence that each of the 4 highrisk use patterns contribute individually. Because some patients fulfilled multiple criteria for high-risk use, we report the IRs of subsequent high-risk use events in Supplemental Digital Content 
Sensitivity Analyses
Among patients who met early refill criteria (n = 289), the mean number of early refills over the follow-up period was 2.7 (median 2, IQR 1-3). The IRs for first early refill, second early refill, and third early refills are 7.9 per 100 PYs, 3.6 per 100 PYs, and 2.4 per 100 PYs, respectively. The top panel of Figure 2 displays the Kaplan-Meier survival curves for time to first, second, and third early refill; the bottom panel shows the time from the first (or second) early refill until the subsequent early refill. Among the full sample of 1814 patients, the RMST up to 1 year of follow-up for the first early refill was 0.75 years (95% CI: 0.72-0.78 years). Between the first and second early refills, the RMST up to 1 year was 0.40 years (95% CI: 0.35-0.46 years). The comparable 1-year RMST for the time between the second and third early refill was 0.36 years (95% CI: 0.29 to 0.42 years). When we redefined overlapping prescriptions such that the overlapping prescription criteria was only satisfied when distinct prescribers provide the prescriptions, the IR dropped to 6.6 per 100 person-years (from 8.1 per 100 PYs). Because overlapping prescriptions only occasionally defined the end point of interest in the composite outcome survival analysis, the overall IR for high-risk opioid use decreased only slightly: from 17.4 to 16.6 per 100 PYs.
DISCUSSION
We conducted a time-to-event analysis among PLWH receiving an incident opioid prescription to estimate the incidence of high-risk opioid use and determine factors associated with high-risk use. High-risk opioid use was common among these subjects, with 30% of patients exhibiting at least one of the 4 high-risk use outcomes. Of the 4 highrisk use metrics we studied, the IR was highest for multiple prescribers, followed by overlapping prescriptions and then early refills. Because these dispensing patterns are associated with adverse outcomes, such as opioid abuse, dependence, and mortality, our findings underscore the importance of prescription drug monitoring programs to track prescribing patterns.
Of note, approximately half of the total cumulative incidence of high-risk use occurred within the 1st year after a patient received an incident opioid prescription. The 1st year of opioid use likely represents a critical period, as addiction and development of opioid use disorders often occur early in treatment. 36 We defined an incident prescription using a 6-month washout period to eliminate prevalent opioid users, as is standard in pharmacoepidemiologic studies. However, this washout period does not guarantee that patients were entirely opioid-naive. The incident opioid prescription in our analysis could be the first opioid prescription after a period of nonexposure rather than the first ever opioid prescription. Both cases, however, warrant careful and dedicated opioid counseling for patients starting or restarting opioid treatment. Opioid risk assessment screenings such as the Brief Risk Interview, which has been found effective in predicting aberrant opioid use, 37 may be useful among high-risk populations.
Similar to research in HIV-negative populations, we found a higher hazard for high-risk opioid use among patients with a history of IDU. We also found a significantly increased hazard for high-risk opioid use among patients aged 35-55 years compared with patients aged 18-35, among nonHispanic whites compared with African Americans, and among patients with a diagnosis of chronic pain. Interestingly, we did not find an association between depression and high-risk opioid use, which is in contrast to previous literature. 15, 16, 38, 39 The use of ICD-9 diagnostic codes to define depression may have been an imperfect identifier because psychiatric conditions that were undiagnosed and/or did not appear in ICD-9 claims could not be examined.
Because we defined the outcome for this study using prescription claims records as a surrogate marker for opioid misuse, the increased hazard for high-risk use could be due in part to patients having more severe pain symptoms, thereby increasing the likelihood of fulfilling high-risk use criteria. One must be cautious in interpreting these results, as our study does not necessarily identify patients most likely to misuse opioids; rather, we identify patients at highest risk for obtaining opioid prescriptions in patterns that are suggestive of high-risk use. For example, patients in the youngest age category were least likely to receive opioids in a high-risk pattern. This does not necessarily mean they are least likely to misuse opioids; it simply indicates that they are least likely to receive opioids in patterns that are indicative and/or predictive of possible misuse, that is, they may be more likely to have an acute pain condition that is treated with a single prescription. Approximately half of all patients with at least one early refill had recurrent early refills. Over a 1-year period of follow-up, patients who had at least one early refill spent an average of approximately 0.75 years (39 weeks) before receiving their first early refill. The 1-year RMST between refills was then shorter for each subsequent early refill. This pattern indicates that although early refills become habitual among only some patients, those who meet the early refill metric numerous times may be of particular concern.
Modifying the definition of overlapping prescriptions to exclude overlapping prescriptions that were prescribed by the same provider reduced the IR by nearly 20%. Although the revised definition did not dramatically impact the incidence of the composite high-risk use outcome, investigators should be cautious when using overlapping prescriptions to flag possible or probable misuse. Overlapping prescriptions, especially if they are prescribed to opioid-naive patients by a single provider, may be an artifact of dose titration rather than opioid misuse.
We chose to use a sensitive definition for overlapping prescriptions by requiring only a one-day overlap. More stringent criteria could be used; however, we found that 75% of patients who had an overlap of at least 1 day also had an overlap of at least 4 days and 90% had at least 2 days of overlap, with a median number of overlapping days of 11. Therefore, we used the conservative definition for overlapping prescriptions to ensure capture of all instances of overlapping prescriptions. Even with our sensitive definition, overlapping prescriptions was the third most likely high-risk outcome to occur first among the 4 patterns examined.
Our study had several limitations. We were unable to determine whether patients receiving opioids from multiple prescribers did so from 2 or more providers within the same clinic, a pattern that may reflect a trend in practice patterns within a clinic rather than a patient's high-risk use behavior. Because we analyzed claims data, we only know whether drugs were dispensed, but not if or how the patient took the drug. Similarly, we were unable to study adverse consequences of high-risk opioid use such as addiction, overdose, or diversion. Analyzing data only from patients who were enrolled in Medicaid restricted the generalizability of the study; however, Medicaid is the largest insurer of PLWH nationally, covering approximately 40% of nonelderly PLWH in care. 40 Finally, we analyzed prescriptions claims from 2006 to 2010, which represents an era slightly before widespread adoption of recent opioidprescribing recommendations.
Despite these limitations, our study had several strengths. The combination of 2 distinct data sources allowed us to address some challenges of using Medicaid data alone, including the inability of studies using claims data to examine clinical outcomes (ie, CD4 and HIV RNA laboratory values) and demographic data that are often missing and/or inaccurate in claims data (ie, race/ethnicity). In addition, the 4 distinct study sites allowed us to examine utilization practices that may vary by location; the addition of even more study sites could add further value to future research.
This study extends existing knowledge about characteristics associated with high-risk opioid use to PLWH and expands on previous studies examining utilization patterns indicative of opioid misuse. We simultaneously analyzed previously described metrics for multiple providers, overlapping prescriptions, high daily dosage, and early refills and found the highest incidence for the multiple providers' indicator. Finally, we found that high-risk opioid use among PLWH was associated with a history of IDU, age 35-55, and white race. Our results can be used to help identify patients who may benefit most from additional opioid screening and counseling. 
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